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ABSTRACT

Robust Modeling of Complex Systems with heavy tails and long memory

Report Title

We study non-standard, non-Gaussian stochastic models, emphasizing their large deviations, extreme values, statistical features and 
dependence properties with applications to several kinds


of risk and complex systems. We focus on structural and distributional properties that


explain critical relationships and promote realistic fitting of the models to data. 


Applications areas are complex networks including data networks, reliability estimation, risk analysis and financial control. The models are 
typically non-Gaussian, often driven by


Poisson or Levy noises, may possess heavy tails and/or long range


dependence and exhibit unusual fractal and scaling behavior.
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1. Forward


Professors Samorodnitsky and Resnick, as well as their students continued studies related to


effects of heavy tails and  dependence as well as inferential techniques


and applications to risk estimation, data network modeling and control


and insurance. 





2. David Zeber completed his thesis and 3 papers devoted to understanding heavy tailed Markov processes while completing a 
treatment of the approximation known as the tail chain. This comprehensive treatment also informed understanding of the 
clustering of exceedences for such a process without resort to assumptions of stationarity. This was related to the conditional 
extreme value model studied earlier by Resnick, Das, Heffernan, Mitra.





3. We completed the study of the role of Gaussian distributions in heavily loaded networks and made a link with real data to find 
the cause of the ubiquity of the Gaussian assumption.





4. Yi Shen completed a thesis that studied the extremal properties of a continuous time stationary process. This included a 
thorough understanding of the functional locating the time at which the path achieves its maximum value.  More generally for 
random fields, techniques were developed to study high level excursion sets with applications to spatial processes such as 
those used in brain mapping.





5.  A general formulation of multivariate heavy tails was begun with sufficient flexibility to allow multiple asymptotic regimes 
within the same model. Initial results for diagnosing such a situation were proposed. These results have recently matured under 
the current MURI grant. The ability to assess risk under trying circumstances was enhanced.





6. Techniques were developed in the thesis of T. Owada guided by Samorodnitsky which quantify effects of dependence for 
infinitely divisible processes. The concept of a tail measure was used to approximate quite complicated probabilities of extreme 
sets.





7. Mitra completed a series of papers discussing various aspects of hidden regular variation and hidden domain of attraction. 
This is a concept supporting the idea that simultaneous asymptotic regimes coexist in one problem. In real data they must be 
diagnosed and used to advantage.





8. Tilo Nguyen studied the issue of threshold selection for tail inference in both the univariate and multivariate cases of heavy 
tails.





9. Samorodnitsky and coworkers studied fractional moments of solutions of stochastic recurrence equations common in 
econometrics. Samorodnitsky & Bladt also developed methods for computing ruin probabilities for difficult class of problems.
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